The aim of this paper is to test the presence of rational intrinsic bubbles in the S&P 500 index. To this effect, we used two econometric techniques. The first technique applies stationarity and cointegration tests to real prices and dividends series. The second technique consists in directly estimating intrinsic bubbles coefficients. Studying a sample of annual real price and dividends indices, observed during the 1871 to 2009 period, we note the presence of a bubble with features consistent with intrinsic bubbles theory.
This paper is structured as follows. Section two presents the mathematical formulation used to compute the stock's fundamental value and the intrinsic bubble. Section three describes the sample and the study period. Section four reports the results and their discussion. Section five concludes the paper.
II. Rational Bubbles Specifications
By definition, the return rate 1  t R , of a stock is given by the sum of the most valued   (1) where, 1 t R  denotes the return on the stock held from time t to t + 1 and Dt+1 is the dividend in period t+1. The subscript t+1 denotes that only the return becomes known in period t + 1. Taking the mathematical expectation of (1), based on information available at time t, (.) E t , we obtain: , denoting a discounting factor Solving (2) forward k periods yield the semi-reduced form:
In order to obtain a unique solution to (4) we need to assume that the expected discounted value of the stock in the indefinite future converges to zero:
The convergence assumption allows us to obtain the so-called fundamental value of the stock as the sum of the expected discounted dividend sequence:
Abandoning the convergence assumption -equation (5) -leads to an infinite number of solutions any one of which can be written in the form of:
where t F , denotes the dividend's future real value or the stock's fundamental value. The term t B called a "rational bubble", as it is entirely consistent with rational expectations and the time path of expected returns. Blanchard and Watson (1981) define rational bubble as the difference between the observed price on the market and its fundamental value. In this regard, Gilles and Leroy (1992) insist that the term bubble translates the high increase in stock prices resulting from promises made by companies about future dividends. The higher the level of dividends is the higher will be the demand for the stock in such a way which intensifies pressures on prices. A dramatic decrease results in the non-fulfilment of these promises. The literature distinguishes between several rational bubbles measures. Blanchard and Watson (1982) are the first to specify measures of exogenous rational bubbles. They proposed deterministic bubbles having an exponential increase and stochastic bubbles having an exponential inflation followed by a brutal collapse. Evans (1991) proposed the periodically collapsing bubbles which integrate the possibility of repetitive crashes. Fukuta (1998 Fukuta ( , 2002 proposed the incompletely bursting bubbles which are a generalisation of Blanchard and Watson's (1982) deterministic and stochastic bubbles and Evans ' (1991) 
, indicates that interest rate, which is constant, should be superior to the dividends' growth rate.
The function of the intrinsic bubble specified by Froot and Obstfeld (1991) is written as
where ;
c , is an arbitrary constant;  ,is the positive root of the following equation
At this level, it seems that the growth anticipation restriction imposed by equation (8) allows dividends to contribute in self-fulfilling predictions. Then, it is convenient to admit that dividends transmit information that investors use to ground their predictions.
By summing up the dividends' observed value, function (10), with the intrinsic bubble, function (11), we obtain the equation of the stock's fundamental price.
Equation (13) indicates that the stock value is derived exclusively from fundamentals even in the presence of a speculative bubble. The presence of the intrinsic bubble allows, as suggested by equation (13), limiting the nonlinear dependencies that stock prices may exhibit. Likewise, it is clear that when the fundamental value varies, the stock price overreacts because of the bubble term which tends to amplify movement. Then, this bubble may cause an important and persistent deviation, yet it may remain stable during some periods.
Data and empirical results

Data
In this paper, we test the null hypothesis of no rational speculative bubbles in the US stock exchanges against the alternative hypothesis that bubbles do exist. This paper includes data for the years 1871 through 2009 of the US Stock Exchange. Data consist of real prices and real dividends of the S&P 500 index. Data is obtained from Robert Shiller's web page.
Empirical results
We test the presence of intrinsic bubbles for the S&P 500 index. First, we conduct a stationarity test. Then, we estimate the intrinsic bubble specification.
3.2.1. Descriptive Statistics [Insert Table 1 here] The real stock price series (S&P 500 composite stock price index) show a skewness coefficient different from zero and a kurtosis superior to 3. Consequently, the distribution of the real price is not normally distributed. It has rather a leptokurtic shape. Moreover, the Jaque Bera test rejects the normality hypothesis. It is possible to see that the real dividends series show a symmetry coefficient close to zero (skewness=0,75) and a flatness coefficient close to 3 (kurtosis=2,94). However, the jaque bera test rejects the normality hypothesis for the real dividends series.
Stationarity and cointegration
The main relationship between the cointegration test and the bubble is the following: presence of bubbles, which induces prices to deviate from their fundamental value, is assumed by an absence of cointegration between these two variables. Thus, testing the presence of cointegration (null hypothesis) is testing the absence of bubbles hypothesis. Cointegration and thus long-term equilibrium between prices and dividends, consequently exclude the presence of a speculative bubbles hypothesis. Applying the cointegration technique on rational bubbles dates back to the works of Diba and Grossman (1988a) . These authors noted that absence of cointegration may be due to the presence of a rational bubble which provoked a persistent deviation between the stock price and its fundamental value. Craine (1993 ), Campbell et al, (1997 , Sarno and Taylor (1999) and Raymond (2001) further developed cointegration test techniques to adjust them to the rational bubbles theory. Table ( 2) reports the Phillips and Perron stationarity test applied on the two prices and real dividends series.
[Insert Table 2 here] The PP test indicates that the two real prices and dividends series are non-stationary in level, yet they are stationary in first difference. Consequently, the two series are integrated at a 1, I(1) order. Prices and dividends stationarity in first difference excludes an explosive price hypothesis. According to Hamilton and Whiteman (1985) , this assumption allows removing exogenous bubbles having an explosive growth. Indeed, Hamilton and Whiteman (1985) suggest that the presence of this type of explosive behaviour within stock prices, like Blanchard and Watson's deterministic bubble (1982, 1984) , tends to make their process explosive. Table ( 3) reports the results of the cointegration test in line with Johensen (1991 Johensen ( , 1995 .
[Insert Table 3 here] The trace test indicates the absence of a cointegration relationship between the real price and the real dividend. This observation points to the presumption of the presence of a rational bubble. At this level and in line with Diba and Grossman (1988) and Campell and Shiller (1987) and Sarno and Taylor (1999) and Raymond (2001) , it is convenient to assume that these cointegration tests can only give a presumption of the presence of bubbles. It is necessary then to further refine the empirical specification through estimating the bubble's parameters. To this effect, we retain the intrinsic bubble's formal specification initially proposed by Froot and Obstfeld (1991) . In order to assess the presence of this type of bubble, it is enough to assume that random fluctuations (essentially dividends) transmit information reflected in both the fundamental value and the bubble. Moreover, to be in line with the growth anticipation constraint, it is convenient to assume as well that investors use information transmitted by dividends to base their anticipation of stock prices' future evolution.
Intrinsic bubbles
From an econometric perspective, testing the presence of intrinsic bubbles is testing the following regression; In order to avoid the multi-collinearity problem facing the regression, it is necessary to estimate the following modified regression. 
The retained methodology is that of Froot and Obstfeld's (1991) . We estimate the intrinsic bubbles model by imposing the root  in the regression. It is however necessary to estimate the priori market process by a geometric random imposed on the dividends to determine μ et σ 2 .
The Dividends Process: the hypothesis of a geometric martingale plays a major role in the study of intrinsic bubbles. For this reason, we should be sure of its validity before moving ahead with our test.
The estimation of the process of dividends indicates that 0,1166 that and 0,0137    
. These values, to which we add up the average return rate of the stocks which approximates 8,20 % during the whole study period, allow us to determine the roots of λ :
Taking into account these parameters, the theoretical K given by Table 4 and table 5 (table 5) , the constant takes a value very far from the theoretical value. The explanatory power of the model is very low (Adjusted 2 R = 3,73%). Then, we retain only the root λ 1 = 2,608.
Conclusion
The theoretical predictions of the EMH seem to be hardly reconcilable with the reality of financial markets' mechanisms. Speculative incidents throughout the economic and financial history and more specifically the periodic stock market crashes hitting international financial markets, starting from the "Tulip Bulb Mania" in Holland, the "South Sea Bubble", the 1929 or 1987 crisis, till the repetitive collapses of the stock markets during mars 2000, October 2002 and Mars 2003, are examples of anomalies inherent mainly to speculation mania. Moreover, the recent subprime crisis which first hit the real estate market in 2007, before spreading over the stock market is indeed another example of a speculative bubble explosion. With regard to this paper, we tested the presence of a rational intrinsic bubble in the S&P 500 index. Using a sample of real prices and dividends series observed over the 1871 to 2009 period, we noted the presence of an intrinsic bubble in line with the specifications suggested initially by Froot and Obstfeld (1992) . 
